exoplasmic side exposed.
Although physiological functions of EVs have nowadays been proposed in > 9 000 reports, MVs and exosomes are usually not discerned. This is mainly due to lack of knowledge on molecular mechanisms that drive or regulate the sorting of molecules into MVs or exosomes, and this also hampers the design of experiments to demonstrate in vivo relevance of EVs in intercellular communication. Molecular mechanisms for exosome formation at endosomes involve the endosomal-sorting complex required for transport (ESCRT) machinery. ESCRT was originally identified to drive the sorting of ubiquitin-conjugated membrane proteins into vesicles that bud into the lumen of a distinct set of MVEs that ultimately fuse with lysosomes rather than with the plasma membrane, resulting in the degradation of their vesicular contents. ESCRT is composed of 4 multiprotein sub-complexes, of which ESCRT-0, -I and -II recognize and sequester ubiquitinated membrane proteins at the endosomal delimiting membrane, while ESCRT-III drives membrane budding and actual scission of intraluminal vesicles [2] . Sorting of proteins into exosomes, however, appears to occur independently of cargo ubiquitination, and only a selected number of ESCRT components are involved in exosome formation [3] . For example, ubiquitination of MHC class II is required for its sorting into intraluminal vesicles of lysosome-targeted MVEs, but not for incorporation into exosomes [4] . Sorting of the transferrin receptor to exosomes, which occurs efficiently only in reticulocytes, is also independent of ubiquitination, but instead relies on direct binding of its cytoplasmic domain to the ESCRT accessory protein ALIX [5] .
The research group of Guido David has previously shown that sorting of membrane proteins of the syndecan family into exosomes also involves ALIX, but in that case is linked to ALIX via the cytosolic adaptor syntenin [6] . Syntenin couples to membrane proteins with two PDZ domains and to ALIX with three LYPX n L motifs, and ALIX binds on its turn to ESCRT-III, the machinery responsible for intraluminal vesicle formation at MVEs. Syndecans form complexes through lateral interactions between their attached heparan sulfate polysaccharide chains. Guido David and co-workers have now shown that heparanase activity in endosomes trims long heparan sulphate chains into shorter ones, allowing clustering of syndecans. Further condensation is achieved as a consequence of removal of the syndecan luminal domain by endosomal proteases, leaving the membrane-embedded C-terminal domain. Heparanase-induced clustering is thought to stimulate the binding of syndecan cytoplasmic domains to the tandem PDZ domains of syntenin, driving ALIX-ESCRT-mediated sorting into exosomes. Interestingly, heparanase activity also facilitated the recruitment of CD63 into exosomes, in a syntenindependent manner [6, 7] . Sorting of many membrane proteins into exosomes coincides with their association with tetraspanin membrane proteins [8] . Webs of interacting tetraspanins and associated proteins are stabilized by protein palmitoylation, and lipids also play an important role in the forma-npg tion of tetraspanin webs, conceivably explaining the relative enrichment of cholesterol and glycosylceramides in exosomes, as well as the dependency on sphingomyelinase activity for exosome formation [9] . Non-tetraspanin membrane proteins may in this way piggyback onto tetraspanin webs for their sorting into exosomes [8] . Interestingly, the tetraspanin CD63, which is highly enriched in exosomes and considered to be important for chaperoning cargo into exosomes [10] , can also be recruited by syntenin [11] . Sorting of tetraspanin webs at endosomes into exosomes could thus, similar to syndecans, be driven by the cytoplasmic adaptor syntenin, and the recruitment by syntenin of tetraspanin webs and syndecan clusters are thus integrated processes (Figure 1) .
All in all, a complex picture is emerging, in which both CD63 and syndecans, and possibly other membrane proteins that associate with endosomal syndecan and/or tetraspanin-enriched microdomains, are sorted into exosomes by a shared syntenin-ALIX-ESCRT machinery.
Importantly, not all EV cargoes appear to depend on heparanasesyntenin-ALIX-ESCRT, as exemplified by flotillin, CD9 and CD81 [6, 7] . One possible explanation is that distinct but parallel sorting mechanisms exist that drive cargo into a single population of exosomes. Another possibility is that separate sorting mechanisms drive the formation of distinct EV populations containing different cargo molecules. For example, syntenin-dependent and -independent EVs may be represented by exosomes and plasma membranederived MVs, respectively. The origin of EVs, exosomes or MVs, is ill defined in most research. The current study by Roucourt and coworkers [7] provides molecular tools, supplementation with heparanase to stimulate, or syntenin depletion to interfere with, cargo incorporation into exosomes, that could help researchers to establish the precise origin of EVs, as well as their roles in biological processes. Figure 1 Syndecans are processed at endosomes, first by trimming associated heparin sulfate site chains, followed by proteolytic cleavage. Clustered syndecan can now be recruited by multivalent syntenin, which on its turn is coupled to the ESCRT machinery via ALIX. Similarly, CD63 is recruited by syntenin, and with it presumably other membrane proteins that are associated with tetraspanin webs. Heparanase also stimulates sorting of CD63, indicating that the two pathways driven by syndecan and CD63 are somehow integrated.
